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A transonic wind-tunnel investigation of several sweptLack wing- 
body configTorations has been made to determine the effects of twist and 
camber with incidence, the separate effects of twist without camber, 
and the Influence of body Indentation on the effects of twist and cam- 
ber, and twist alone. 

Coorparisons of the results of this investigation with those obtained 
for comparable plane wing-body configurations showed: Negative inci- 

dence improved the values of maxlTnum lift -drag ratios for the twisted and 
cambered wing-body configuration throughout the test Mach nuniber range. 
The effects of twist on the values of maximum lift-drag ratios, how- 
ever, were small when ccoipared with those of twist and camber. Twisting 
and cambering the wing increased the lift coefficient at which the 
unstable break in the pitching -mcanent curves occiirred by approximately 
twice the amount of that for twist alone. Body indentation increased 
the values of maximijm lift-drag ratios for the twisted and cambered wing- 
body configuration at Mach n-umbers between O. 9 O and I.I 5 and Increased 
the values of maximum lift-drag ratios for the twisted wing-body config- 
uration throiigh Mach n-umber 1.05* The effects of twist and camber and 
body indentation at lift coefficients for mB-viTmim lift-drag ratios are 
additive at Mach numbers above O. 96 . 

IHTROrUCTION 


The results of reference 1 indicated that twist and camber increased 
the maxioium lift -drag ratios of a 4-5° sweptback wing — curved-body 
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conflgioration at Mach nianbers up to 0.8^)- and above 0.99 reduced the 
(L/D)mojj. values between these Mach numbers. The twisted and cambered 

wing tased In this investigation was designed In accordance with the pre- 
scribed method of reference 2 for the wing alone to have a uniform 
loading at a Mach mmiber of 1.2 and a lift coefficient of 0.4. These 
previous tests were made with the body at an angle of 0° with respect 
to the wing design reference plane. It was reasoned that setting the 
body at a positive angle with respect to the design reference plane of 
the wing would produce a lift distribution for the ccmblnatlon that 
more nearly approached the distribution on the wing alone at the design 
conditions; this lift distribution might result in lii 5 )roved effective- 
ness of twist and camber. In order to determine the effect of twist 
and camber with the body set at a positive angle, the wing of refer- 
ence 1 was tested at angles of incidence i^ of 0° and -4° (fig. 1) in. 
combination with a basic body and the results ccmpared with those of the 
comparable plane wing -body configuration with 0° incidence (ref. 3). 

It would be of practical interest to know the separate contributions 
of twist and camber in the Improvements in perfoimance noted in refer- 
ence 1. As an initial step in determining these individual contribu- 
tions, a wing with the same twist as that of the wing of reference 1 but 
with no camber has been tested at an angle of Incidence i^ of -4° and 
the results coopared with those obtained with the coniparable plane wing 
(ref. 3) and with the conparable twisted and cambered wing. This twist 
distribution is similar to that for an act\ial plane sweptback wing with 
aeroelastic defoimation. Therefore, these data for a twisted wing pro- 
vide information as to the effects of aeroelastic deformation. The 
effects of this same twist distribution on the loads on this wing are 
presented in reference 4. 

The resTolts of reference 5 indicated that body shape has a pro- 
noimced effect on the drag characteristics of a twisted and cambered 
45° sweptback wing -body configuration at transonic speeds. Also, the 
resTJlts of reference 6 indicated that the interference effect between 
a plane sweptback wing and a body could be minimized at transonic speeds 
by indenti23g the body in the region of the wing on the basis of the 
transonic area rule (ref. 7)- Therefore, it might be expected that 
indenting the body on the basis of the transonic area rule would improve 
the drag characteristics of a twisted and cambered or a twisted swept- 
back wing -body configuration. The twisted and cambeired wing of refer- 
ence 1 and the coniparable twisted wing were tested with a basic body 
Indented according to the transonic area rule for Mach number 1.00, and 
the results were conpared with a comparable plane wing — indented-body 
configuration (ref. 3). 


These testa were conducted in the Langley 8-foot transonic tunnel. 
With the exception of the maximum Mach number of the twisted wing with 
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the haslc body being limited to 1 . 03 , each wing -body configuration was 
tested thro-ugh a continuous Mach number range from 0.80 to I .03 and at 
a Mach number of approximately I. 15 . 


COKFIGURAIIONS 


Five sting -moimted wing-body configurations were tested, !Ihey con- 
sisted of a twisted and cambered wing without incidence tested in com- 
bination with a basic body, and a twisted and cambered wing and a twisted 
wing with Incidence tested in combination with a basic body and the same 
basic body with indentation. A plan-form drawing of these wirg-body con- 
figurations is presented in figure 1. 

Each of the wlrgs had sweepback of the 0.25 chord line, an 
aspect ratio of k-, a taper ratio of 0.6, and HACA 65A-serles airfoil 
sections 6 percent thick parallel to the plane of symmetry. The twisted 
and cambered wing was designed to obtain a uniform load distribution at 
a lift coefficient of 0.4 and a Mach nuniber of 1.2 (ref. 1). The 
resulting twist and camber values are presented in figure 2, where the 
angle of twist was measured relative to the design reference plane of 
the wing. The twisted wing had a twist distribution identical to that 
of the twisted and cambered wlrg. The twisted and cambered wing was 
tested at angles of incidence of 0° and -4-° whereas the twisted wing 
was tested only at an angle of incidence of -4°. As shown in figure 1, 
the angle of Incidence i^ is the angle between the design reference 
plane of the wing and the body axis, and the angle p at any spartwise 
station is the angle between the chord line of the wing section at that 
station and the body axis. From figures 1 and 2, it is seen that the 
angle p for the twisted and cambered wing and the twisted wing at the 
wing-body jimctlon is approximately 4.2° for 0° Incidence and approxi- 
mately 0.2° for -4° Incidence, 

The basic body and the Indented body used in this investigation 
were the same bodies used with the ccanparable plane wing of reference 3- 
The indentation was such that the svm of the cross-sectional areas 
normal to the airstream for the indented body and the wing at each longi- 
tudinal station was eq.ua! to the cross-sectional area of the basic body 
normal to the airstream at the same station. The area developments of 
the wing-body configurations with the basic and the Indented body are 
shown in figure 3> and the coordinates for the basic and the Indented 
bodies are given in table I. 


4 


NACA RM L54B15 


MEASUREMENTS, ACCURACY, AND CORRECTIONS 


Lift, drag, and pitching maneiit were measured hy an electrical 
strain-gage "balance. The maxlTnum estimated errors of the resulting 
coefficients are as follows; 


Cl ±0.01 

Cl ±0.001 

Cm ±0.004 


The drag data have been adjusted for base pressures such that the drag 
corresponds to conditions for which the base pressure is equal to the 
free-stream static pressure. The base pressxire coefficients were com- 

puted by the standard relation P-^ = — and the maximum estimated 

error In the resulting coefficients is +0.005* The base pressure coef- 
ficients for the twisted, and twisted and cambered wing-body configura- 
tions with incidence are shown in figure 4. No corrections have been 
made to the base pressures for sting interference effects. 

Local deviations from the average free-stream Mach numbers in the 
region of the model were no larger than 0.003 at subsonic speeds, and 
with increases in Mach number above 1.00 the deviations increased to the 
order of 0.010 at a Mach number of I.I 5 . 

The angle of attack was measured by an electrical strain gage mounted 
in the nose of the model. A description of the angle -of -attack measuring 
system is given in reference 8, and as reported therein the measurements 
are believed to be accurate within ±0.1°. 

The effects of wall -reflected disturbances on the drag results are 
small at Mach nimibers below I .05 and negligible at Mach nxnabers above 1.145. 
No results were obtained for the range of Mach numbers from I .03 to 1.145 • 
No corrections for the effects of wall-reflected disturbances have been 
applied to the data. 


PRESENTATION OF RESULTS 


The basic aerodynamic data (body angle of attack, drag coefficient, 
pitching -moment coefficient against lift coefficient) for the plane 
wing-body configurations (ref. 3)^ "tlie twisted and cambered wing -body 
configurations without and with incidence, and the twisted wing -body 
conflg\Arations with incidence are presented in figures 5^ 1 > and 8, 

respectively. The drag curves for the plane wing — ^basic-body configura- 
tion without incidence and the twisted and cambered wing — basic-body 


HACA EM L54B15 


5 


configuration with and without incidence at lift coefficients of O.O 5 , 
0 . 50 , and 0.40 are shown in figure 9 . CccipariBons at several lift 
coefficients of the lift-drag ratios of the twisted and cambered wing- 
body configurations to those of the plane wing-body configurations 

r(L/D)_ . , , , , , . /(l/d)_. . ”] are shown in figure 10 

' 'Twisted and cambered wing/ ' 'Plane wing 

for the wing — ^basic-body configuration with and without incidence and 
the wing — indented-body configuration with incidence. Variations of 
the maxiraum lift-drag ratios with Mach numOber for the plane wing — basic- 
body configuration without incidence and the twisted and cambered wing — 
basic-body configuration with and without incidence are presented in 
figure 11. The drag curves for the plane, twisted, and twisted and 
cambered wing-body configurations with basic and Indented bodies at lift 
coefficients of O.O 5 , O. 3 , and 0.4 are shown in figure 12. Curves 
showing the effects of body indentation on the drag of the plane, twisted, 
and twisted and cambered wing-body configurations at lift coefficients 
of 0 . 05 , 0.3j and 0.4 are shown in figure 13 . Ccnrparisons at several 
lift coefficients of the lift-drag ratios of the twisted wing-body con- 
figurations to those of the plane wing -body configurations 

^ /(l/d)„, , I are shown in figure l4 for both the 

[j ‘ '^Twisted win^ ' ‘ 'Plane win^ 

Indented and basic bodies. Variations of the mnylTimmi lift-drag ratios 
with Mach number for the plane, twisted, and twisted and cambered wing- 
body configurations with indented and basic bodies are presented in 
figm:e I 5 , and the lift coefficients for maximum lift -drag ratios are 
shown in figure 16 . The lift coefficients at which the break in the 
pitching -moment ciorves occurred for the plane, twisted, and twisted and 
cambered wing-body config:aratlons with both the indented and basic bodies 
are shown in figure I 7 . 

Because of the consistency of the data, the curves of (l/d) ^^^ 

(figs. 11 and I 5 ) and lift coefficient for (L/p) ^„y (figs. 11 and 16 ) 
were arbitrarily faired between Mach numbers I .03 and I.I 5 . 

In order to facilitate presentation of the data, staggered scales 
have been used in some of the figures and care should be taken in iden- 
tifying the zero axis for each curve. The Reynolds number based on the 

mean aerodynamic chord varies frcm I .83 X 10^ to 2.00 x 10^. 


DISCUSSION 

Twist and Camber With Incidence 


Drag coefficients .- Prom figure is seen that setting the 

twisted and cambered wing at -4° incidence, thereby setting the body at 
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a positive angle relative to the design reference plane of the vlng, had 
the same general but greater effect of increasing the drag above that of 
the plane wing — basic -body configuration at a lift coefficient of O.O 5 
as the twisted and cambered wing with 0° incidence. However, this effect 
of the twisted and cambered wing with negative incidence was coE 5 >letely 
reversed at lift coefficients of 0.3 and O.t. At these lift coefficients 
the wing with negative incidence reduced the drag thro\i£^out the test 
Mach number range, whereas the wing without incidence had little or no 
effect on the drag at Mach numbers between O .95 and I .05 and reduced the 
drag to a much lesser degree than the wing with negative incidence at 
Mach numbers below O. 93 . Also, this figure shows that the reduction in 
drag for the wing with negative incidence increases with increase in lift 
coefficient . 

Lift-drag ratios .- Figure 10 indicates that changing the angle of 
incidence from 0° to -il-® had little influence on the effectiveness of 
twist and camber at 0.2 lift coefficient but increased its effectiveness 
throughout the Mach number range for lift coefficients of O .5 to 0 . 5 . 

At 0° incidence, twist and camber was only effective in significantly 
increasing the values of lift-drag ratios over that for the plane wing — 
basic -body configuration at Mach numbers below O .93 and had little or no 
effect at Mach nimibers above 0.95 • 

The maxiTmim lift-drag ratios presented in figure 11 indicate that 
twist and camber with negative incidence significantly increased the 
valiies of maximum lift-drag ratios over those for the plane wing — basic - 
body configuration throughout the Mach number range, whereas twist and 
camber without incidence increased these values of niR-x-iTinuni lift-drag 
ratios only at Mach niombers below 0.95- 

For this investigation, the maximupi increase in the values of maxi- 
mum lift-drag ratios due to twist and camber with negative incidence was 
between Mach numbers 0.80 and 0 . 9 O. Then the improvements in the values 
of maximum lift-drag ratios decreased veiy rapidly with increase in Mach 
number up to 0.95 an*3. from there on decreased slowly up to Mach number I.I 5 . 

From these results, it would appear that the conjectures that led 
to this investigation of incidence, as stated in the introduction, are 
correct . 

Pitching-moment coefficients . - A comparison of figures 5(c), 6(c), 
and 7 (c) shows that twist and camber with negative Incidence made the 
pitching-moment coefficients for the wing — basic-body configuration more 
positive throughout the Mach n\miber range than twist and camber without 
incidence and more negative at low lift coefficients than the plane wing. 
Also, twist and camber with negative incidence Increased the lift coef- 
ficient at which the unstable break in the pitching -moment ciorves occvirred 
for the plane wing — basic-body configuration as shown in figure 17 - 
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Twist 

Drag coef f Iclenbs . - Figure 12 shows that at a lift coefficient 
of 0.05 the effect of twist alone on the basic wing-body configuration 
was similar to that of twist and camiber since It also Increases the 
drag of the configuration throughout the Mach number range. However, 
at lift coefficients of 0.5 and O.h, twist did not significantly decrease 
the drag of the configuration as was the case for twist and camber. 

Lift-drag ratios .- Figure ih Indicates that twist had relatively 
small effects on the lift-drag ratios throughout the speed range at lift 
coefficients of 0.2 to 0.5* Also, as shown in figure 15 , the effects of 
twist on the maximum lift-drag ratios were small compared with those of 
twist and camber. 

Pitching -moment coefficients . - From figures 5(c) and 8(c), it is 
seen that the general effect of twist on the pitching-moment coefficients 
was different from that of twist and camber, for it made the pitching- 
moment coefficients for the wing-body configurations more positive 
throughout the Mach number and lift-coefficient ranges than the plane 
wing. Figure IT shows that twist increased the lift coefficient at which 
the tinstable break in the pitching nncment curves occttrred by approxi- 
mately one -half the amount of that for twist and camber. 


Body Indentation 

Drag coefficients .- From figure 12 it is seen that body indentation 
had little influence on the relative effects of twist and camber or twist 
on drag. Also, figure 13 shows that the reductions in drag associated 
with body indentation were generally roughly the same for the twisted and 
cambered, twisted, and plane wing-body configurations at lift coeffi- 
cients of 0 . 05 , O.^f and The effects of body indentation on drag 

were small at Mach numbers below O. 9 O, but the drag reduction increased 
with increase in Mach number until a maximum was reached at a Mach number 
of approximately 1.00. From Mach number 1.00 to I. 05 , the drag reduction 
dropped off, and with further increase in Mach number tended to decrease 
slightly. 

Lift-drag ratios .- The effectiveness of twist and camber in improving 
the ULft-drag ratios (fig. 10) generally was roughly tbe same with the 
indented body and the basic body for lift coefficients from 0.2 to 0.4, 
but at a lift coefficient of 0.5 indentation definitely improved the 
effectiveness of twist and camber at Mach numbers below O. 93 . As shown 
in figure 14, the influence of indentation on the effectiveness of twist 
was small at lift coefficients of 0.2 to 0 . 5 . 
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Figure I5 Bhcws that body indentation increased the values of maxi- 
mum lift-drag ratios for the twisted and camiber^d ving-body configura- 
tion at Mach numbers between 0.90 and I.I5 and increased the val\ies of 
Tnaximuin lift-drag ratios for the twisted and plane wing-body configura- 
tions throughout the test Mach number range. Below Mach n"umber 1 . 00 , 
Indentation vaa somewhat more effective in increasing the values of 
maximum lift-drag ratios of the plane wing-body configuration than for 
the twisted wing -body configuration. 

In figure I5 there- is also presented a coraposite curve, the values 
of which were obtained by adding the difference in the values of maximum 
lift-drag ratios due to body indentation for the plane wing-body config- 
uration to the values of Tnaximum lift-drag ratios for the twisted and 
cambered -wing-body configuration -with the basic body. Frcan this cur-ve 
it is readily seen that the sum of the separate effects of body indenta- 
tion and twist and camber is approximately the same as their ccmbined 
effects at Mach numbers above 0.96. 

As shown in figure I6 the addition of body indentation appreciably 
reduced the lift coefficient at which maximum lift-drag ratios occurred 
for Mach ntimbers above O.96 for the twisted and dambered, twisted, and 
plane -wing-body configurations. Frcm Mach numbers O.8O to O.96, the 
reductions in lift coefficient -were generally small for the configura- 
tions tested. 

Pitcblng-moment coefficients . - From figures 7 (c) sind 8(c), it is 
seen that body indentation had little effect on the pitching -moment 
coefficients for the twisted and cambered, and twisted -wing -body con- 
figurations, with the exception of a destabilizing effect at low lift 
coefficients for Mach niimbers frcmi 0.90 to O.96. Also, these figures 
Indicate that body Indentation had no effect on the lift coefficient 
at which the tinstable bree^ in the pitching-moment curves occvured. 


COECLUSIONS 


The results of an investigation of the effects of twist and camber 
with and without incidence, -twist, and body Indentation on a 45 ° swept- 
back -wing-body configuration at Mach numbers from O.8O to I.03 and 1.15 
indicate -the following conclusions; 

1 . Negati-ve incidence improved the -values of maximuTn lift-dreg 
ratios for the -twis-ted and cambered wing-body configuration thro\aghout 
the test Mach number range. 

2 . The effects of -twist on the maximum lift-drag ratios were 
small when compared -with those of -twist and caniber for Mach numbers 
through 1.03. 
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5. Twisting and cambering the wing increased the lift ccsefficient 
at vhich. the unstable break in the pitching-moment curares occ\jrred by 
approximately twice the amount of that for twist alone. 

i(-. Body indentation increased the values of mn,x1 mum lift-drag 
ratios for the twisted and cambered wing-body configuration at Mach, 
numbers between O.9O and I.I5 and increased the values of the Tna,xlTmim 
lift-drag ratios for the twisted wing-body configuration through Ifeich 
number I.05. 

5. The effects of twist and camber and body indentation at lift 
coefficients for TnaY-lnriTm lift -drag ratios are additive at Mach nxmibers 
above O.96. 


Langley Aeronautical Laboratory, 

Fational Advisory Committee for Aeronautics, 
Langley Field, Va., January 27 j 195 ^* 
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Model station /inches from nose 



Figure 5*- Axial distributions of cross-sectional area for wing in 
comiblaatioii wltb the Indented body and the basic body. 
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Variation vlth lift coefficient of the aerodynamic characteristics 
for the plane wing-hody configurations . 1^, = 0° (ref. 3) • 
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(c) Pltching-momerLt coefficient. 
Figure 5*- Concluded. 











(a) Angle of attack. 

Figure 6.- Variation vltli lift coefficient of the aerodynamic chaxacteristicB 
for the twiEted and cambered wing— -haalc-body configuration, i^ = 0°. 
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(c) Pltchlng-momeii'fc coefficient 
Figure 6.- Concluded. 
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QTd) Drag coefficient. 


Figure 7*- Continued. 





Pitching-moment coefficient, C 









(a) Angle of attack. 

Figure 8.- Variation with. lift coefficient of the aerodynamic characterieticB 
for the twisted wing body conf Igurations . i^ = 







Drag coefficient, C q 


26 


NACA EM L54B15 



(b) Drag coefficient. 
Figure 8.- Continued. 



Pitching-moment coefficient, C 
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(c) Pltchlng-momeiit coef f Icieiit . 
Figure 8.- Concluded. 
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Plane wing with basic body; 1^=0° „ 

Twisted and connbaied wing with basic boo^jy=0 
Twisted and cambered wing with basic body;i^y=-4" 




Mach number, M 


Figure 9.- Varlatioo. of drag coefficient with Mach number at constant lift 
coefficient for the plane wing— basic-body configuration without incidence 
and the twisted and cambered wing— basic-body configuration with aM with- 
out incidence. 
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Figure 10.- Effect of twist and camber on tlie valooes of L/b at constant 
lift coefficient for the wlng-indented-hody configuration with inci- 
dence and the wing — haslc-hody configuration with and without Incidence. 
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[a) Basic body. 


Plane wing ; iw=0 
Twisted wing; 

Twisted and cambered wing;i 


(b) Indented body. 
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Figure 12.- Yariation of drag coefficient with Mach number at constant 
lift coefficient for the plane, twisted, and twisted and cambered 
wing-hody configurations with hasic and Indented bodies , 
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Figure l4.- Effect of twist on the values of L/D at constant lift 
coefficient for the wing — indented-hody and the wing— has ic-hody 
configurations, i^ = 
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Twisted and ccBnbered wing with indented body •, l^^= 
Composite curve (see “Bc^ Indentation" section) 
Twisted end cambered wing with basic body ; i„ 
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Ptane wing with indented body;iv^=0 
Twisted wina with inde nted body ; i 
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Plane wing with basic body^iw=0 
Twisted wing with basic body ,• iV 
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Figure l6.- Lift coefficients at -wiilch. tlie maximum lift-drag ratios were 
ottalned for the plane, twisted., and. twisted and cambered wing-body 
configurations with Indented and basic bodies. 
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Figure I 7 .- Lift coefficients at which the unstahle break in the pitching- 
moment curves occurred for the plane, twisted, and twisted and cambered 
wing-body configurations with indented and basic bodies. 
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